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We study the mechanism of the weak decay process of Ξ0b into D
0 with a meson-baryon pair.
It is shown that the dominant component of the prompt weak decay produces the meson-baryon
pair with the spectator strange quark being transferred to the baryon, so that the K¯N channel
is absent. Subsequent final state interaction then reflects the piΣ originated Λ(1405) formation
amplitude, which has been difficult to access in previous experimental studies. We predict the line
shapes of the piΣ invariant mass distribution using a realistic chiral meson-baryon amplitude for
the final state interaction. It is shown that the interference between the direct and the rescattering
contributions can strongly distort the peak structure of the Λ(1405) in the mass distribution. This
indicates the necessity of a detailed investigation of the reaction mechanism in order to extract the
Λ(1405) property in the piΣ mass distribution.
PACS numbers: 13.75.Jz,14.20.-c,11.30.Rd
I. INTRODUCTION
The Λ(1405) resonance has attracted the attention of
researchers since its discovery [1–3]. In addition to the
traditional problem in the constituent quark model [4],
several other issues have arisen in the study of the
Λ(1405) [5, 6]. For instance, because it is located close to
the K¯N threshold, the properties of the Λ(1405) have a
substantial influence on the K¯N interaction [7, 8], which
is the fundamental building block to construct K¯ bound
states in nuclei [9, 10]. Furthermore, through the devel-
opment of chiral unitary approaches [11–13], it is shown
that there exist two resonance poles of the scattering am-
plitude in the Λ(1405) energy region [13, 14]. The ex-
istence of the two poles was first unveiled in Ref. [13],
and the origin of two poles in the flavor SU(3) symmet-
ric limit and their implication on the piΣ invariant mass
spectrum were discussed in Ref. [14]. Because a pole
of the amplitude represents an eigenstate of the system,
this indicates that the Λ(1405) is not a single resonance
but a superposition of two resonances. The existence of
two poles is confirmed by the recent analyses [15–18] in-
cluding the precise constraint from the kaonic hydrogen
measurement [19, 20], and is now tabulated in the listings
by the Particle Data Group [21].
From the viewpoint of the experimental analysis,
the meson-baryon two-body scattering amplitude in the
Λ(1405) region is not directly obtained. Because the
Λ(1405) lies below the K¯N threshold, the only open
channel is piΣ, for which the direct scattering experiment
is not possible. It is therefore needed to perform pro-
duction experiments, whose final state consists of sev-
eral particles in addition to the Λ(1405). To extract
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the information of the meson-baryon scattering ampli-
tude in such reactions, theoretical models have to be em-
ployed to describe the reaction mechanism. There are
several theoretical studies on the mechanism of various
production reactions, such as γp → K+Λ(1405) [22–
26], γp → K∗+Λ(1405) [27], ν¯µp → µ+Λ(1405) [28],
K−p → γΛ(1405) [29], pi−p → K0Λ(1405) [30, 31],
K−p → pi0Λ(1405) [32], pp → K+Λ(1405) [31, 33], and
K−d→ nΛ(1405) [34–41]. In general, the invariant mass
distribution of the piΣ state depends on a particular su-
perposition of the K¯N → piΣ and piΣ→ piΣ amplitudes,
leading to the different peak structure of the Λ(1405).
Recently, yet another class of experimental method
has been proposed to study hadron resonances through
the final state interactions of the weak decay of heavy
hadrons [42]. In fact, the study of the Λ(1405) has
been performed in the Λb → J/ψΛ(1405) decay [43], the
Λc → pi+Λ(1405) decay [44], the Λc → νl+Λ(1405) de-
cay [45], and the Λb → ηcΛ(1405) decay [46]. In partic-
ular, it is shown in Ref. [44] that in the dominant quark
diagram of the Λc → pi+MB process, the strange quark
from the charm quark decay is selectively transferred to
the meson state M , so that the MB pair does not contain
the piΣ channel. This is ideal to study the K¯N → piΣ
amplitude for the Λ(1405) formation. It would therefore
be helpful to find a process where the piΣ → piΣ ampli-
tude dominates the final state interaction.
In this paper, we study the Ξ0b → D0MB decay where
MB stands for the meson-baryon pair having the same
quantum number with the Λ(1405). The key idea is that,
in the dominant decay process, the strange quark in the
initial Ξ0b state should be transferred to the baryon in the
final state as a spectator. As a consequence, the weak de-
cay does not produce the K¯N state where the baryon has
no strangeness. In the next section, we discuss the dom-
inant weak decay mechanism which realizes the above
idea, along the same line as Refs. [43, 44]. We then show
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2the prediction of the invariant mass distribution of the
MB states in Sec. III, using the reliable final state in-
teraction model [15, 16]. The last section is devoted to
summary.
II. FORMULATION
Following the formulation in Refs. [42–44], we study
the invariant mass distribution of Ξ0b → D0Λ(1405) →
D0(piΣ). We consider the prompt weak decay process
Ξ0b → D0MB′ and the strong final state interaction
MB′ →MB separately.
In the first step of the Ξ0b → D0MB′ process, the
Cabibbo favored transitions occur through the b decay
(b→ cu¯d) or the bu scattering (bu→ cd). Possible quark-
line diagrams for Ξ0b → D0MB′ are shown in Fig. 1.
To pin down the dominant diagram of this decay, we
consider the kinematics of the process. Because we are
interested in the final MB′ pair in the Λ(1405) energy
region, the emitted D0 meson should have a high mo-
mentum (∼2 GeV in the rest frame of the initial Ξ0b) due
to the heavy mass of Ξb (∼5.8 GeV). In the diagram in
Fig. 1(a), both the c and u¯ quarks in the D0 are pro-
duced directly from the b decay, which is favorable for
the high-momentum D0 emission. On the other hand, in
Figs. 1(b) and 1(c), the u¯ quark in the D0 is created from
the vacuum, which is considered to be the soft mechanism
with the momentum around a few hundred MeV. Fig-
ures 1(b) and 1(c) are therefore suppressed for the mis-
match of the kinematical condition to produce the high-
momentum D0. The diagram in Fig. 1(c), containing the
bu scattering (called “absorption diagrams” in Ref. [47]),
is further suppressed as discussed in Ref. [48], because
of the additional q¯q creation and the two-body nature of
the process. With these considerations, we conclude that
Fig. 1(a) is the dominant diagram in the Ξ0b → D0MB′
process in the present kinematics and neglect the others
in the following discussion.
The intermediate state |MB′〉 is a superposition of sev-
eral meson-baryon channels with strangeness S = −1.
To derive the relative weight of the channels, we express
the process in Fig. 1(a) in terms of the quark degrees of
freedom. The initial Ξb belongs to the flavor 3¯ configu-
ration [49],
|Ξ0b〉 =
1√
2
|b(su− us)〉. (1)
After the b decay, b→ cu¯d, it leads to ∼ |cu¯d(su−us)〉 ∼
|D0d(su−us)〉. Because the D0 from the cu¯ pair has the
extremely high momentum and can be neglected in the
following discussion, we concentrate only on the remain-
ing part,
|MB′〉 ∼ 1√
2
|d(su− us)〉. (2)
The meson-baryon fractions can be read off by adding
a qq¯ pair in this wave function. As discussed in
Refs. [44, 50], the qq¯ creation should be attached to the d
quark from the b decay, because of the angular momen-
tum matching and the strong us diquark correlation in
Ξb (known as the good diquark [51]). Thus, the meson
is composed of the d quark and the created antiquark,
and the baryon of the us diquark and the created quark.
This is achieved by inserting the flavor singlet qq¯ pair in
Eq. (2) as
|MB′〉 = 1√
2
3∑
i=1
|dq¯iqi(su− us)〉 (3)
=
1√
2
3∑
i=1
|P2iqi(su− us)〉, (4)
with
q ≡
 ud
s
 , P ≡ qq¯ =
 uu¯ ud¯ us¯du¯ dd¯ ds¯
su¯ sd¯ ss¯
 .
To express this |MB′〉 state in terms of the hadronic
degrees of freedom, we represent the P matrix by the
pseudoscalar meson nonet
P =

pi0√
2
+ η√
3
+ η
′
√
6
pi+ K+
pi− − pi0√
2
+ η√
3
+ η
′
√
6
K0
K− K¯0 − η√
3
+ 2η
′
√
6
 .
The remaining three quarks should be represented by the
ground state baryons. Using the phase convention of the
quark representation of the baryon states in Ref. [50], we
obtain the following expression:
|MB′〉 = − 1
2
√
3
|pi0Λ〉+ 1
2
|pi0Σ0〉+ |pi−Σ+〉
+
1
3
√
2
|ηΛ〉 − 1√
6
|ηΣ0〉+ |K0Ξ0〉, (5)
where we have neglected the η′Λ channel whose thresh-
old is much higher than the energy region of interest.
Equation (5) determines the relative weight of the meson-
baryon channels in this weak decay. It should be noted
that the |MB′ 〉 state does not contain the K¯N state,
because the s quark in the initial Ξ0b is transferred to the
baryon. This is in sharp contrast to the Λc → piMB
decay where the piΣ state is absent [44].
Next, we consider the final state interaction of MB′ →
MB. A suitable framework is the chiral unitary ap-
proaches [11–13], in which the Λ(1405) is dynamically
generated by the meson-baryon dynamics. In this study,
we utilize the model in Refs. [15, 16] where the low-
energy K−p scattering observables are systematically fit-
ted with the accuracy of χ2/d.o.f. ∼ 1, by using the next-
to-leading-order interaction kernel in chiral perturbation
theory. With this final state interaction model, the tran-
sition amplitude of Ξb → D0(MB)j is given by
Mj = VP
(
hj +
∑
i
hiGi(Minv)Tij(Minv)
)
, (6)
3(a) (b) (c)
FIG. 1. Quark-line diagrams of the Cabibbo favored mechanisms for the Ξ0b → D0MB′ process. The solid and wiggly lines
denote the quark and W boson, respectively.
where VP represents the strength of the weak decay pro-
cess shown in Fig. 1(a), Tij is the coupled-channel meson-
baryon scattering amplitude, Gi is the two-body loop
function, and Minv is the invariant mass of the MB state.
The weight factor hi is determined by Eq. (5) as
hpi0Λ0 = − 1
2
√
3
,
hpi0Σ0 =
1
2
, hpi−Σ+ = 1, hpi+Σ− = 0,
hK−p = hK¯0n = 0
hηΛ =
1
3
√
2
, hηΣ0 = − 1√
6
, hK0Ξ0 = 1, hK+Ξ− = 0.
The first term in Eq. (6) stands for the direct process to
generate the final state j, while the second term repre-
sents the rescattering effect through the final state inter-
action. Even for the channel which has no direct transi-
tion (hj = 0), Mj can be nonzero because of the rescat-
tering term. The partial decay width to channel j is given
by integrating over the three-body phase space dΠ3 as
Γj =
∫
dΠ3|Mj |2. (7)
The invariant mass distribution is calculated by differen-
tiating both sides by Minv, leading to
dΓj
dMinv
=
1
(2pi)3
pD0 p˜jMΞ0bMj
M2
Ξ0b
|Mj |2, (8)
with
pD0 =
λ1/2(M2
Ξ0b
,m2D0 ,M
2
inv)
2MΞ0b
, p˜j =
λ1/2(M2inv,M
2
j ,m
2
j )
2Minv
,
λ(x, y, z) = x2 + y2 + z2 − 2xy − 2yz − 2zx.
III. NUMERICAL RESULTS
We calculate the invariant mass distribution of the
Ξb → D0(MB)j decay for the piΣ final states in the
FIG. 2. Invariant mass distributions of the Ξb → D0(MB)j
decay. Solid, dotted, and dash-dotted curves represent the
pi0Σ0, pi−Σ+, and pi+Σ− final states, respectively. The ver-
tical dotted lines stand for the threshold energies of the piΣ
and K¯N channels.
Λ(1405) energy region, expecting that the spectrum re-
flects the piΣ → piΣ amplitude. Because the factor VP
only scales the magnitude, we show the line shapes of the
piΣ spectra in arbitrary units in Fig. 2. While the pi+Σ−
spectrum shows a peak structure in the Λ(1405) region,
the peaks in the pi0Σ0 and the pi−Σ+ channels appear in
much lower energy region. Instead, these spectra have a
dip in the Λ(1405) region, and the threshold cusp at the
K¯N threshold is enhanced in the pi−Σ+ spectrum.
In general, the peak positions of the piΣ line shapes
can be shifted, due to the double-pole nature of the
Λ(1405) [14]. However, the pole positions of the meson-
baryon amplitude Tij are z1 = 1424 − 26i MeV and
z2 = 1381 − 81i MeV [15, 16], and the peak positions
in Fig. 2 are clearly lower than the pole positions. It is
also known that the charged piΣ spectra suffer from the
interference effect between the I = 0 and I = 1 contri-
butions [22], which has been experimentally confirmed
in the photoproduction γp → K+Λ(1405) by the CLAS
4FIG. 3. piΣ spectra from the two-body scattering ampli-
tudes |Tij |2 in Refs. [15, 16]. Solid, dotted, and dash-dotted
curves represent the pi−Σ+ → pi0Σ0, pi−Σ+ → pi−Σ+, and
pi−Σ+ → pi+Σ− processes, respectively. For comparison, we
show |Tpi0Σ0,K−p|2 by the dotted curve. The vertical dot-
ted lines stand for the threshold energies of the piΣ and K¯N
channels.
Collaboration [52]. However, the shift of the peak posi-
tion in Fig. 2 is again much larger than what is expected
from the interference with the I = 1 component. More-
over, the shift of the peak in the pi0Σ0 channel, which
has no I = 1 component, cannot be explained by the
interference with the I = 1 amplitude.
The above discussion is based on the interference ef-
fect for the two-body meson-baryon amplitude Tij . In
the present case, there exists additional interference ef-
fect in Eq. (6), the interference between the direct term
(hj) and the rescattering term (hiGiTij). This can be the
origin of the shift of the peak positions in Fig. 2. To con-
firm this fact, we show the piΣ spectra from the meson-
baryon scattering amplitude |Tij |2 ∼ Im Tij in Fig. 3.
In this figure, the peak positions are shifted from each
other, but within the energy region of 1380–1420 MeV
where the poles of the Λ(1405) are located. This indi-
cates that the interference effect with the direct process
changes the peak into the dip around the 1400 MeV in
Fig. 2, and hence the peaks of the pi0Σ0 and pi−Σ+ spec-
tra appear to be shifted to the lower energy region. The
“peaks” in Fig. 2 therefore do not directly represent the
Λ(1405) property. The pi+Σ− spectrum is not affected
by this mechanism due to the absence of the direct pro-
cess (hpi+Σ− = 0). In other words, the observation of the
Λ(1405) peak only in the pi+Σ− spectra would support
the dominance of the quark-line diagram of the weak de-
cay process we consider.
It is worth comparing the present result with the Λc →
pi+MB reaction studied in Ref. [44]. There, the weight
hi for the piΣ vanishes and the final state interaction is
dominated by the K¯N → piΣ amplitude. While a similar
interference effect of the direct and rescattering processes
should occur, the resulting piΣ spectra properly reflects
the Λ(1405) property in the two-body amplitude. This is
because the K¯N → piΣ amplitude is much stronger than
the piΣ → piΣ amplitude (see dotted curve in Fig. 3),
and the interference effect is less prominent in the Λc →
pi+MB process. In other words, the interference effect is
much enhanced in the present case, because of the small
magnitude of the piΣ → piΣ amplitude. We also note
that the interference of the direct and rescattering terms
can in principle occur in any reactions to produce the
Λ(1405), because the two-body scattering experiment is
not possible. This effect may be related to the downward
shift of the peak position of the Λ(1405) observed in the
pp→ K+ppiΣ reaction by the HADES Collaboration [53].
Work in this direction, showing the dominance of the
initial piΣ channel, has been done in Ref. [31].
IV. SUMMARY
In this paper, we have studied the decay of Ξ0b into the
D0MB state, focusing on the mechanism of the weak
decay and the final state interaction between the meson-
baryon pair. We show that, for the kinematics of the MB
pair in the Λ(1405) energy region, the dominant contribu-
tion to the weak decay generates the superposition of the
meson-baryon states in which the K¯N channel is absent.
Hence, this process is useful to investigate the piΣ orig-
inated Λ(1405) formation amplitude. We note that this
conclusion follows from the theoretical argument based
on the quark-line diagram and the hadronization from
a flavor singlet q¯q pair, and therefore experimental ver-
ification of this mechanism should be carried out in the
future.
We calculate the invariant mass distribution of this
decay, using the realistic meson-baryon scattering am-
plitude in the chiral unitary approach for the final state
interaction. We find that the piΣ spectra can be distorted
by the interference effect between the direct and rescat-
tering processes, except for the pi+Σ− channel. The de-
tailed analysis of the mass distribution would enrich our
understanding of the weak decay mechanism.
Our study indicates that the peak of the piΣ invari-
ant mass distribution does not always reflect the Λ(1405)
property, when the interference effect between the di-
rect and rescattering processes is important. This im-
plies that a naive fit to the peak of the piΣ spectra by
dΓj/dMinv ∼ |Tij |2 is not always valid to extract the in-
formation of the Λ(1405). Instead, detailed analysis of
the reaction mechanism [18, 23, 24] is necessary to ex-
tract the information of the Λ(1405). In this respect, the
weak decay of heavy hadrons provides a new opportunity
to study the property of the Λ(1405).
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